An optical transmission system using Fiber Bragg Grating (FBG) and Erbium Doped Fiber Amplifier (EDFA) with new proposed model has been analyzed to overcome chromatic dispersion and attenuation phenomena. To evaluate the transmission system performance of the received signals, a simple model of one channel transmission has been developed in the first step. Also, optical fiber length and attenuation coefficient parameters have been investigated in detail to deal with the optimized corresponding parameter values. Results show that the performance of the optimized design parameters is very efficient in terms of output power (dBm), noise figure (dB), gain (dB), and -Factor. The model of one channel developed previously has been adapted to a complex model of four optical channels multiplexing with different wavelengths. FBG and EDFA have been also added to WDM technology system to enhance the chromatic dispersion and the signal attenuation. Results show that the new model is more efficient in terms of -Factor and eye diagrams.
Introduction
In recent years, optical fiber communication has become one of the main pillars of modern telecommunications networks that is due to its rapid development and its broad range of applications. Nowadays, these modern telecommunication networks are becoming more and more complex [1, 2] . Optical network that applies WDM is currently widely used in existing telecommunication infrastructures and is expected to play a significant role in next generation networks and the future Internet [3, 4] . These systems often include multiple signal channels, different topology structure, nonlinear devices, and non-Gaussian noise source, which make their design and analysis quite complex and require highintensity work. When different wavelengths of light pulses propagate in an optical fiber, it undergoes a phenomenon of dispersion which results in a temporal spreading. This leads to errors in receiver and prevent correct interpretation of the received signals. Attenuation occurs as well during the signal propagation, which decrease the signal power during its transmission. To face these problems, many solutions have recently been suggested. The use of FBG is one of the most efficient technologies used in research papers to overcome chromatic dispersion problem due to its low cost and its negligible effect [5, 6] . Besides, there are several types of amplifiers such as SOA, EDFA, and Raman amplifier that have been introduced to encounter the attenuation effects. However, EDFA still provide better results [7] [8] [9] . In this paper, we propose a new model to treat chromatic dispersion and signal attenuation. In the first section, we present a detailed study of one channel transmission system with Fiber Bragg Grating and Erbium Doped Fiber Amplifier. FBG and EDFA have been implemented to optimize the quality of the received signal and to overcome chromatic dispersion and attenuation effects. Then, we compare the transmission system under study using the optimized setting parameters with a previous model proposed by other authors having chirped FBG as dispersion compensator [4] [5] [6] [7] in terms of output power (dBm), noise figure (dB), gain (dB), -Factor, and eye diagrams at the received signal. In third section, we apply our model in four optical channels multiplexing with different wavelengths using an EDFA-WDM optical transmission system [9] [10] [11] . Finally, we apply and compare with a previous work using the WDM technology to prove more and more the efficiency of our model [12] . The simulation results demonstrate the high efficiency of the developed transmission system.
One Optical Channel Communication System
As first step, we consider a simple case of one channel optical transmission system as shown in Figure 1 . The system consists of three sections: the transmitter, the receiver, and the optical fiber as transmission medium. In the transmission part, we use NRZ pulse generator to provide a controlling bandwidth and pseudo-random bit sequence generator to scramble data signal in terms of bit rates. The input signal is modulated with continuous wave semiconductor laser of 1550 nm frequency and 5 dBm input power through Mach-Zehnder modulator with 30 dB of extinction ratio.
To overcome the attenuation problem, we use the Erbium Doped Fiber Amplifier (EDFA) as shown in Figure 2 . EDFA is the most often used optical amplifier due to the low loss optical window of silica based fiber. It uses a doped optical fiber as a gain medium to amplify the optical signal [5] . The signal to be amplified and a pump laser are multiplexed into a doped fiber, then it is amplified through interaction with the doping ions.
To face chromatic dispersion, we use Fiber Bragg Grating (FBG) as shown in Figure 3 . FBG consists of a periodic modulation of the refractive index in the core of a singlemode optical fiber. The Bragg grating condition satisfies both energy and momentum conservation. The first-order Bragg condition is simplified as follows:
where the Bragg grating wavelength is the free space wavelength of the input light reflected from the grating, eff is the effective refractive index of the fiber core at the free space center wavelength, and Λ is the grating spacing of the FBG [6] .
In Figure 4 , we show the chromatic dispersion compensation effects on the eye diagrams of the received signal in one channel transmission system. It can be observed that the designed model offers reduced signal distortion and improved eye opening.
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Length. In this section, we study the impact of the Optical Fiber (OFC) length on the performance of the proposed optical transmission system. Figure 5 shows the eye diagrams for different values of OFC length. By comparing the 6 eye diagrams, we can obviously observe that when OFC length increases the eye closure remains almost the same, which proves the efficiency of the optical network developed in this paper. To evaluate the transmission system performance of the received signals, the -Factor has been also taken into account in this study. The -Factor can be easily expressed as follows:
where and Δ are the resonant frequency and the resonance width or full width at half maximum (FWHM), respectively. Table 1 represents the results of the output readings at different values of the OFC length of our interest. It can be clearly noticed that the gain, the output power, and -Factor still relatively the same as the OFC length increases, while the noise figure increases gradually as the fiber length increases.
Output Readings of Proposed Model with Varying Attenuation Coefficient.
We analyze the effect of attenuation coefficient on the performance of the proposed optical transmission system. It is customary to express the loss in units of dB/km and thus a loss of (dB/km). The loss incurred by propagating down a fiber can be modeled easily as follows:
where out and in are the output power of signal and the input power in fiber, respectively [2] . Attenuation coefficient impact on the performance of the proposed transmission system is also studied. By comparing the four eye diagrams obtained in Figure 6 , it can be clearly seen that the eye opening is higher at 0.2 (dB/Km) and 1 (dB/Km).
Gain, noise figure, output power, and -Factor at different values of attenuation coefficient are illustrated in Figure 7 . It can be observed that the smallest value of noise figure and the best value of gain, output power, and -Factor are at 0.2 (dB/Km). Then, we consider that 0.2 (dB/Km) is the most proper attenuation coefficient to be used in the proposed mode. Table 2 shows the comparison between the proposed model and the model without EDFA and FBG, respectively. On the other hand, our model using EDFA and FBG has been also compared with [5, 6] , as shown in Table 2 ; the proposed model presents many advantages in terms of gain, output power, and signal quality performance with lower noise figure. 
WDM Transmission System Model with Four Optical Channels
Wavelength Division Multiplexing (WDM) is an important progress in the development history of optical fiber communication technology. The basic principle of the WDM is that light signals with different wavelengths are put together at first and then coupled to fiber optic cable lines in the same fibers for transmission [1, 2] . At last the receiver separates the different wavelengths by signal processing, restores the original signal, and sends them to different terminals as shown in Figure 8 .
To validate the efficiency of the developed method in optical transmission network, we have applied the Wavelength Division Multiplexing technology in the model under study. Figure 9 shows the optical WDM transmission system with four input signal channels. Table 3 shows the simulation results of the proposed model of four optical channels multiplexing. It can be clearly observed that despite adapting the developed model to a complex model using Wavelength Division Multiplexing technology, simulation results remain valid, which means that our model offers reduced signal distortion and improved the gain and the output power.
Performance Comparison
To prove more and more the reliability of the developed model, we compare the performance of our developed method with a previous work proposed by other authors. So we have integrated FBG and EDFA in WDM optical transmission system [12] as shown in Figure 10 . The effect of channel spacing is analyzed by propagating two channels on the same pumped Raman fiber. A silica fiber Raman amplifier pumped at a wavelength of 1451.2 nm with pump power 1000 (mW) is designed. The Raman fiber length is kept at 10 km. The bit rate is kept at 10 Gb/s for 0 (dBm) input signal source. The quality factor is investigated for different values channel spacing [12] .
The eye diagrams are represented in Figure 11 . As it can be clearly shown, the eye opening is higher when the proposed model is implemented.
In Figure 12 , we compare -Factor in our model with optical transmission system using WDM technology for two frequencies [12] . It is clear that, at 25 GHz, the value ofFactor is similar for both models, but for the frequency spacing at 50 GHz, the -Factor in our model is 4 times more important than [12] , with efficient received signal quality and lower noise ratio.
Conclusion
In this paper, a new proposed optical transmission system has been modeled and simulated in order to overcome chromatic dispersion and signal attenuation of optical transmission systems. Firstly, the developed method has been tested in a simple case of one channel transmission to find out the optimum parameter value of the attenuation coefficient. The proposed model has then been adapted in WDM optical transmission system to test the reliability of the developed method. In spite of adapting Wavelength Division Multiplexing technology, results remain valid. The developed model offers reduced signal distortion and improved gain and output power. In other way the model was compared with WDM technology system, results prove that at 50 GHz the -Factor of our model is 4 times more important than in [12] in terms of frequency spacing. The new system presents a high efficiency on the received signal quality and lower noise ratio with very satisfactory performances. For future works, the method proposed in this paper can be applied to a complicated system with a big number of channels 
